Cholera and Spatial Epidemiology by Frank B Osei et al.
Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)
Interested in publishing with us? 
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com
Open access books available
Countries delivered to Contributors from top 500 universities
International  authors and editors
Our authors are among the
most cited scientists
Downloads
We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists
12.2%
122,000 135M
TOP 1%154
4,800
1 
Cholera and Spatial Epidemiology 
Frank B Osei1, Alfred A Duker2 and Alfred Stein3 
1Faculty of Public Health and Allied Sciences, 
 Catholic University College of Ghana, Sunyani  
2Department of Geomatic Engineering,  
Kwame Nkrumah University of Science and Technology, Kumasi, 
3Faculty of Geo-Information Science and Earth Observation (ITC), Twente University,  
1, 2Ghana  
3Netherlands 
1. Introduction 
Cholera is an acute intestinal infection caused by the water borne bacteria Vibrio cholerae O1 
or O139 (V. cholerae). Infection is mainly through ingestion of contaminated water or food 
(Kelly, 2001). Approximately 102-103 cells are required to cause severe diarrhea and 
dehydration (Sack et al., 1998; Hornich et al., 1971). Ingested cholera vibrios from 
contaminated water or food must pass through the acid stomach before they are able to 
colonize the upper part of the small intestine. After penetrating the mucus layer, V. cholerae 
colonizes the epithelial lining of the gut, secreting cholera toxin which affects the small 
intestine.  
Clinically, the majority of cholera episodes are characterized by a sudden onset of massive 
diarrhea and vomiting. This is accompanied by the loss of profuse amounts of protein-free 
fluid along with electrolytes, bicarbonates and ions. The resulting dehydration produces 
tachycardia, hypotension, and vascular collapse, which can lead to sudden death. The 
diagnosis of cholera is commonly established by isolating the causative organism from the 
stools of infected individuals. The main mode of treatment is the replacement of electrolyte 
loss through the intake of a rehydration fluid, i.e. Oral Rehydration Salts (ORS) (Sack et al., 
2004). Without prompt treatment, fatality rate can be as high as 50% (WHO, 1993; Sack et al., 
2004). With adequate treatment, i.e. intravenous and oral rehydration therapy, 
supplemented with appropriate antibiotics, the fatality rate can drop to approximately 1.0% 
(Carpenter et al., 1966; Mahalanabis et al., 1992).  
In its extreme manifestation, cholera is one of the most rapidly fatal infectious illnesses 
known. Within 3–4 hours of onset of symptoms, a previously healthy person may become 
severely dehydrated and if not treated may die within 24 hours (WHO, 2010). The disease is 
one of the most researched in the world today; nevertheless, it is still an important public 
health problem despite more than a century of study, especially in developing tropical 
countries. Cholera is currently listed as one of three internationally quarantinable diseases 
by the World Health Organization (WHO), along with plague and yellow fever (WHO, 
2000a). The growing number and frequency of major cholera outbreaks, especially in 
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countries on the African continent, have heightened concerns of focusing epidemiological 
research on the underlying risk factors and the identification of high risk areas.  
Using simple geographical mapping, John Snow (1855) first associated cholera with 
contaminated drinking water in the 1850s even before any bacterium was known to exist. 
After Snow’s seminal work, most epidemiological studies of cholera have focused on the 
pathogenesis and biological characteristics of V. cholerae (Yamai et al., 1977; Faruque et al., 
1998; Ramamurthy et al., 1993; Felsenfeld, 1966; Singleton et al., 1982a, 1982b; Colwell et al., 
1977; Barua and Paguio, 1977; Glass et al., 1985). However useful these studies are, they 
usually cannot establish accurate individual exposure levels for the critical risk factors of the 
disease (Haining, 1998). Spatial epidemiological tools applied in cholera studies can 
facilitate the identification of high risk areas and the formulation of hypotheses about the 
causal factors responsible for such variations, as well as the optimal allocation of health 
facilities to improve health care provision. The objective of this study is to present from 
published literature the general epidemiology of cholera, its spatial epidemiology as well as 
important spatial epidemiologic tools utilized in cholera studies. 
2. Biology and ecology of V. cholerae 
The biology and ecology of V. cholerae has been described by many authors (Yamai et al., 
1977; Faruque et al., 1998; Ramamurthy et al., 1993; Felsenfeld, 1966; Singleton et al., 1982a, 
1982b; Colwell et al., 1977; Barua and Paguio, 1977; Glass et al., 1985). V. cholerae is an 
aerobic, motile, Gram-negative rod that is shaped like a comma (Hamer and Cash, 1999). 
When ingested in the body, V. cholerae produces an exotoxin that either stimulates the 
mucosal cells to secrete large quantities of isotonic fluid, or increases the permeability of the 
vascular endothelium, thus allowing isotonic fluid to pass through in abnormal amount, 
resulting in watery diarrhea.  
V. cholerae is differentiated serologically by the O antigen of its lipopolysaccharide. Over 200 
serogroups of V. cholerae have been documented (Yamai et al., 1997). The toxigenic V. 
cholerae serogroups, which cause epidemic cholera, are the O1 and O139 (Faruque et al., 
1998). Until 1992 when a newly serogroup designated O139 was identified after unusual 
outbreaks in India and Bangladesh (Ramamurthy et al., 1993), only the O1 serogroup was 
known to cause epidemic. The two major biotypes of the V. cholerae O1 serogroup are the 
classical and the El Tor (named after the El Tor quarantine camp on the Sinai peninsula 
where it was first isolated in 1905 from the intestines of pilgrims returning from Mecca) 
(Hamer and Cash, 1999). Admirably, V. cholerae O1 infection induces adaptive immune 
responses that are protective against subsequent infection. Volunteer studies in non-
endemic regions have demonstrated that infection with classical biotype of V. cholerae O1 
provides 100% protection for 3 years from subsequent challenge with a classical biotype 
strain, while infection with the El Tor biotype of V. cholerae O1 provides 90% protection for 3 
years from subsequent challenge with an El Tor strain (Levine et al., 1981). In an endemic 
region, an initial episode of El Tor cholera reduces the risk of a second clinically apparent 
infection by 90% over the next several years (Glass et al., 1982). 
The general assumption by most workers, until the mid 1960's, was that V. cholerae was an 
organism whose normal habitat was the human gut and/or intestine, and incapable of 
surviving for more than a few days outside the gut (Falsenfeld, 1966). V. cholerae is now 
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known to be a water-borne bacterium that is natural inhabitant of brackish aquatic 
environments, which survives and multiplies in association with zooplankton and 
phytoplankton, quite independently of infected human beings (Colwell and Spira, 1993; 
Colwell and Huq, 1994; Islam et al; 1994; Nair et al., 1988; Huq et al., 1983; Islam et al., 1990). 
Colwell et al. (1977) first proposed that V. cholerae is ecologically autochthonous in estuarine 
and coastal waters. Colwell et al. (1977, 1980) isolated V. cholerae from plankton samples 
from Bangladesh waters and Chesapeake Bay (United States) and suggested that an 
association between V. cholerae and chitinous plankton may exist. Survival of V. cholerae in 
the aquatic environment, abundance and expression of virulence factors including cholera 
toxin (CT), and colonization factors such as the toxin-coregulated pilus (TCP), are strongly 
influenced by both biotic and abiotic factors. Abiotic factors such as sunlight, pH, 
temperature, salinity and nutrients enhance the growth and multiplication of aquatic lives 
such as phytoplankton and zooplanktons. Sequestration of CO2 during photosynthesis of 
phytoplankton alter the dissolved O2 and CO2 contents of the surrounding which in turn 
leads to elevated pH in the estuarine.  
3. Epidemiology 
3.1 Global distribution 
The Ganges Delta region (India) is believed to be the traditional home of cholera from the 
time of recorded history (Harmer and Cash, 1999). From this region, cholera has spread 
throughout the world, causing six major pandemics between 1817 and 1961 (Faruque et al., 
1998). It is believed that the European invasions of India and India’s fostering of trade with 
the Dutch Indies spread the disease to other parts of the world. The seventh pandemic, 
which began in 1961 in Sulawesi, Indonesia, has now involved almost the whole world and 
is still continuing. The pandemic (i.e. the seventh) reached India in 1964, Africa in 1970 
(Barua, 1972; Cvjetanovic and Barua, 1972; Goodgame and Greenough, 1975; Küstner et al., 
1981, Glass et al., 1991), southern Europe in 1970 (Editorial, 1971), and South America in 
1991 (Swerdlow et al., 1992; Weil and Berche, 1992). The seventh pandemic was confined in 
Asia for nearly 10 years which later reached the west coast of Africa, the south coast of 
Europe, and the western Pacific islands in 1970. The seventh pandemic reached the 
Americas in 1991, starting from the Peruvian coast (Blake, 1994). The fifth and the sixth 
pandemics epidemiologically incriminated the classical biotype as the causative agent. The 
earlier pandemics are also believed to have been caused by the classical biotype as well, 
although there is no hard evidence. The seventh pandemic this time caused by the El Tor 
biotype has subsequently spread worldwide and largely replaced the classical biotype.  
The burden of cholera is characterized by both endemic disease and epidemics. Globally, 
cholera cases and deaths have increased steadily since the beginning of the 21st century. 
From 2004 to 2008, a total of 838,315 cases were notified to WHO, compared with 676,651 
cases between 2000 and 2004, representing a 24% increase in the number of cases (WHO, 
2009). The burden of the disease is currently enormous on developing countries and 
catastrophically on the African continent. The seventh pandemic is the first to have 
established persistent residence on the African continent. Africa alone has recorded over 2.4 
million cases and 120,000 deaths from 1970 to 2005. This accounts for over 90% of both 
worldwide cases and deaths (WHO, 2000b, 2001, 2002, 20003, 2004, 2005, 2006). The burden 
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of the disease on the African continent, however, is possibly worse than officially reported 
owing to underreporting, limitations in the surveillance and reporting system, as well as 
fear of unjustified restrictions on travel and trade (WHO, 2000a). 
3.2 Transmission hypothesis 
Two routes of cholera transmission have been described, primary and secondary 
transmission. Primary transmission occurs through exposure to an environmental reservoir 
of V. cholerae (Hartley et al., 2006) or contaminated water sources regardless of previously 
infected persons, and thus responsible for the beginning of initial outbreaks. Primary 
transmission is enabled by both micro-and macro-level environmental and climatic factors 
that affect the seasonal patterns of infection (Islam et al., 1994; Alam et al., 2006; Lipp et al., 
2002; Sack et al., 2003; Colwell, 1996; Huq and Colwell, 1996; Islam et al, 1989, 1990a, 1990b, 
1999). In locations like Africa and South America where one yearly peak of cholera is often 
observed, the beginning of the epidemics has been associated with environmental 
conditions that favor the growth and survival of the bacterium (Codeço, 2001; Glass et al., 
1991; Swerdlow et al., 1992). Primary transmission appears to play a limited role in the 
epidemiological process since it does not fully explain the exponential growth of incidences 
during epidemics.  
Secondary transmission or fecal-oral transmission occurs via the fecal-oral route through 
exposure to contaminated water sources. Fecal-oral transmission provides a mechanism for 
exhibiting a strong feedback between present and past levels of infection. The importance of 
fecal-oral transmission in cholera epidemics is also supported by recent time series models 
fitted to the endemic dynamics of cholera in Bangladesh (Koelle and Pascual, 2004; Koelle et 
al., 2005). In an epidemic situation, the initial reproduction rate of fecal-oral transmissions is 
positively affected by the degree of contamination of water supply as well as the frequency of 
contacts with such contaminated water supply (Codeço, 2001), which in turn is influenced by 
human dimensions such as local environmental factors, socioeconomic, demographic as well 
as sanitation conditions. Fecal-oral transmissions reflect a complicated transmission pattern 
since multiple factors may play a role in the spread of the disease. Although cholera control 
measures that target primary transmission is clearly important (from the perspective of disease 
persistence (Colwell et al, 2003)), the dominant role of fecal-oral transmission as observed in 
several studies (Ali et al., 2002a, 2002b; Mugoya et al., 2008; Borroto and Martinez-Piedra, 2000; 
Ackers et al., 1998; Sasaki et al., 2008; Sur et al., 2005), suggest that the containment of fecal-oral 
infections may be a viable and useful strategy to control epidemics.  
3.3 Socioeconomic and demographic variations 
Socioeconomic and demographic factors have been reported to significantly enhance the 
vulnerability of a population to infection and contribute to epidemic spread (Ali et al., 
2002a, 2002b; Borroto and Martinez-Piedra, 2000; Ackers et al., 1998; Sasaki et al., 2008; Sur 
et al., 2005). Such factors also mandate the extent to which the disease will reach epidemic 
proportions (Miller, 1985; Emch et al., 2008) and also modulate the size of the epidemic 
(Pascual et al., 2002, 2006; Koelle and Pascual, 2004; Hartley et al., 2005). Known population-
level (local-level) risk factors of cholera include poverty, lack of development, high 
population density, low education, and lack of previous exposure (Ackers et al., 1998; Ali et 
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al., 2002). The synergy of poverty, high population density, poor sanitation, poor housing, 
and lack of good water supplies enhance exposure to pathogenic cholera vibros. In epidemic 
prone regions like Africa, cholera outbreaks have been linked to multiple environmental 
and socio-economic sources (Acosta et al., 2001; Shapiro et al., 1999). Cholera diffuses 
rapidly in environments that lack basic infrastructure with regard to access to safe water 
and proper sanitation. The cholera vibrios can survive and multiply outside the human 
body and can spread rapidly in environments where living conditions are overcrowded and 
where there is no safe disposal of solid waste, liquid waste, and human feces (Ali et al., 
2002a, 2002b). Root (1997) and Siddique et al (1992) have reported that increase in 
population density can strain sanitation systems, thus putting people at increased risk of 
contracting cholera. Ali et al (2002a, 2002b) have identified high population density and low 
educational status as important risk factors of cholera in an endemic area of Bangladesh.  
3.4 Temporal variations  
Many researchers have hypothesized the temporal variation of cholera as due to 
environmental and climatic factors that affect the seasonal patterns of infection (Alam et 
al., 2006; Lipp et al., 2002; Sack et al., 2003; Colwell and Huq, 2001; Pascual and Dobson, 
2005; Huq and Colwell, 1996; Huq et al., 2005; Islam, 1990; Islam et al., 1990, 1993, 1999, 
2004). The temporal variation of endemic and epidemic cholera has been associated with 
both regional and local environmental forces such as rainfall patterns, sea surface 
temperature and the El Nino Southern Oscillation (Epstein, 1993; Patz et al., 1996; Colwell, 
1996; Bouma and Pascual, 2001; Colwell and Huq, 2001; Pascual et al., 2002; Koelle et al., 
2005, Huq et al., 2001). Outbreaks in Peru and Bangladesh have been linked to periodic 
climatic cycles of the El Nino Southern Oscillation (Salazar-Lindo et al., 1997; Pascual et 
al., 2002; Rodo et al., 2002). In Bangladesh cholera epidemics occur twice a year in the 
spring and fall, before and after the monsoons (Merson et al., 1980; Islam et al., 1993; 
Emch and Ali, 2001; Longini et al., 2002). Several studies have also described a regular 
seasonal cycle of outbreaks in Bangladesh, including specific studies on the different 
strains: classical (Samadi et al., 1984), El Tor (Khan et al., 1984) and O139 (Alam et al., 
2006). Temporal variation of cholera has also been related to variations in physical and 
nutritional aquatic parameters, including conditions in both coastal and estuarine 
environments (Faruque et al., 2005). Studies in Bangladesh have also shown 
environmental associations with V. cholerae, including water temperature and depth, 
rainfall, and copepod counts (Huq et al., 2005). These factors may contribute to the 
seasonality and secular trends seen in cholera outbreaks. In Dhaka Lobitz et al (2000) were 
the first to observe that both sea surface temperature and sea surface height are correlated 
with temporal fluctuations of cholera. In Ghana, de Magny et al (2007) observed a 
coherence between cholera outbreak resurgences and climatic/environmental parameters 
such as rainfall, Southern Oscillation Index and Land Surface Temperature.  
4. Spatial epidemiology and cholera 
The analysis of the spatial distribution of disease incidence and its relationship to potential 
risk factors (referred to in general in this paper as spatial epidemiology) has an important role 
to play in various kinds of public health and epidemiological studies. Recent advancements 
in technology and the increasingly powerful and versatile spatial statistical tools developed 
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in this application area are capable of addressing more complex health issues than was 
hitherto the case. The field of spatial statistics involves the statistical analysis of observations 
with associated geographical location. Often these observations are not Gaussian 
distribution and are not independent (two main-stays in the development of statistical 
methods). Fortunately, a wide variety of statistical techniques for spatial epidemiologic 
inference have developed in recent years, coalescing into a collection of approaches which 
address specific questions. Consequently, the field of spatial epidemiology has been a 
subject of several lengthy texts (Elliott et al., 2000, Lawson, 2001, Waller and Gotway, 2004). 
Yet, few authors have addressed the spatial epidemiology of cholera (Ali et al, 2002a, 2002b; 
Ali et al., 2006; Borroto and Martinez-Piedra, 2000). Following Elliot et al (2000) and Lawson 
(2001), spatial epidemiology generically comprises at least three types of study focus: These 
are (1) disease mapping, (2) disease clustering and (3) ecological analysis (geographical 
correlation analysis). In this regard, we discuss methodological significance of disease 
mapping, disease clustering and ecological analysis with special emphasis on their applications 
in cholera studies. 
4.1 Disease mapping and cholera 
Disease maps have played a key descriptive role in spatial epidemiology. Disease maps are 
useful in suggesting hypotheses for further investigation or as part of general health 
surveillance and the monitoring of health problems. A famous historical example is the 
classical epidemiological work of John Snow. Mapping the locations of cholera victims, 
Snow was able to trace the cause of the disease to a contaminated water source. 
Surprisingly, this was done 20 years before Koch and Pasteur established the beginnings of 
microbiology (Koch, 1884). Disease mapping has long been in the form of plotting the 
observed disease cases or prevalence. Borroto and Martinez-Piedra (2000) used Geographic 
Information System (GIS) to map cumulative incidence rates of cholera in 32 Mexican states. 
Chevallier et al (2004) used cartographic representation of cholera incidence rates to study 
the spatial distribution of cholera in Ecuador. Raw disease rates yield less precise estimates 
for small populations and vice versa; hence, mapping the raw estimates of disease 
occurrence can lead to spurious spatial features. Thus, maps of raw disease incidences are 
not suitable for appropriate epidemiologic inferences. Bithel (2000), Diggle (2000), Lawson 
(2001), and Lawson and Clark (2002) provide recent reviews of current appropriate disease 
mapping methods. Several statistical smoothing techniques have been proposed to filter out 
the noise (rate variations) caused by population variability (e.g. median-based head-banging 
(Hansen, 1991), spatial filtering (Bithel, 1990; Rushton and Lolonis, 1996), empirical Bayes 
smoothing (Clayton and Kaldor, 1987), full Bayesian smoothing (Besag et al., 1991, 1995), and 
geostatisticsal methods (Oliver et al., 1998; Webster et al., 1994; Carrat and Valleron, 1992; 
Goovaerts, 2005; Goovaerts and Jacquez, 2004; Berke, 2004)). However, few have been 
applied in cholera studies. Kuo and Fukui (2007) have used the inverse distance weighted 
(IDW) interpolation technique to map the temporal features of cholera in the Fukushima 
prefecture Japan. Ali et al (2002) used kriging to interpolate and map the spatial risk of 
cholera in Bangladesh at regularly space interval. Ali et al (2006) presented the first 
application of Poisson kriging to the spatial interpolation of local cholera rates, resulting in 
continuous maps of cholera rate estimates and associated prediction variance.  
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4.2 Disease clustering and cholera 
Fundamental to the spatial epidemiologist is the investigation of possible disease clusters. 
Cluster analysis provides opportunities for the epidemiologist to understand possible 
associations between demographic and environmental exposures and the spatial 
distribution of diseases (Besag and Newell, 1991; Kulldorff and Nagarwalla, 1995; Kulldorff 
et al., 1997). There are numerous methods for testing global clustering, including those 
methods proposed by Alt and Vach (1991), Besag and Newell (1991), Cuzick and Edwards 
(1990), Diggle and Chetwynd (1991), Grimson (1991), Moran (1950), Tango (1995, 1999, 
2000), Walter (1992a, 1992b, 1993) and Whittemore et al (1987). Siddiqui et al (2006) applied 
Cuzick-Edward’s k-Nearest Neighbors test (Cuzick and Edwards, 1990) to evaluate 
clustering of cholera cases in Pakistan. Using the Moran’s Index, Borroto and Martinez-
Piedra (2000) have described the spatial distribution of cholera in Mexican states as 
clustered. This clustering reflects a north-south gradient and spatial clustering of southern 
states with higher incidence and spatial clustering of northern states with low incidence. 
Likewise, the Moran’s Index has been used to evaluate the clustering of cholera in the 
Lusaka area of Zambia (Sasaki et al., 2008) and in Madras (India) (Ruiz-Moreno et al., 2007). 
Osei et al (2008) have also used the Moran’s Index to evaluate global clustering of cholera in 
the Ashanti Region of Ghana. However, global cluster analysis ran the risk of obscuring 
local effects since the assumption of stationarity is rarely met. Locating and/or defining the 
characteristics of disease clusters, i.e. local cluster analysis, can inform hypothesis of 
population or environmental drivers of ill-health, as well as direct the prevention or 
treatment efforts of health care workers. Using the popular spatial statistics approach, i.e. 
Ripley’s K index, Ruiz-Moreno et al (2007) observed that clustering of cholera in Bangladesh 
occur at different spatial scales. Local clustering methods such as the Circular Scan Statistic 
(Kulldorff, 1997) and the Flexible Scan Statistic (Tango and Takahashi, 2005) have been used 
to detect and map the clustering of cholera in the city of Kumasi-Ghana (Osei et al., 2010; 
2011). They emphasize that the Circular Scan Statistic can underestimate the relative risk of 
cholera clusters compared with the Flexible Scan Statistic. Emch and Ali (2003) have also 
used the spatial scan statistic to evaluate clustering of cholera. 
4.3 Ecological analysis and cholera 
A significant interest in spatial epidemiology also lies in identifying associated risk factors 
which enhance the risk of infection, the so called ecological analysis (Lawson et al., 1999a, 
1999b; Lawson, 2001) or geographic correlations studies (Elliott et al., 2000). Understanding the 
spatial relationship between cholera and ecological risk factors has always been a challenge. 
Most authors ignore the geographical structure (spatial autocorrelation) of the data in the 
statistical analysis. For instance, Ali et al (2001, 2002a, 2002b) have utilized logistic 
regression, simple and multiple regression models to study the spatial epidemiology of 
cholera in an endemic area of Bangladesh. In their study, spatial filtering methods (Talbot et 
al., 2000), typically spatial moving average (Kafadar, 1996), and traditional geostatistics were 
only used to remove noise and transform cholera and environmental data into a spatially 
continuous form. This notwithstanding, the effect of spatial proximity or geographical 
structure of the data was not incorporated in the statistical model. Sasaki et al (2008) 
investigated risk factors of cholera with a GIS and matched case-case control in a peri-urban 
area of Luzaka, Zambia. Although a spatial autocorrelation analysis using Moran’s Index 
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was found to be statistically significant, this was never incorporated in the logistic and 
multiple regression models. Other authors have also used classical statistical methods to 
analyze the risk factors of cholera. Sasaki et al (2008) applied logistic and multiple regression 
models to examine risk factors of cholera in a peri-urban area of Luzaka, Zambia. Mugoya et 
al (2005) used logistic regression analysis to investigate the spread of cholera in Kenya. 
Ackers et al (1998) used Pearson correlation coefficient to determine the correlation between 
cholera incidence rates and socioeconomic and environmental risk factors in Latin America. 
Kuo and Fukui (2007) used a logarithmic regression to model the diffusion of cholera in 
Japan. De Magny et al (2008) used a Poisson regression to model environmental variables 
associated with cholera in Bangladesh.  
Geographical data are correlated in space; therefore, data in close geographical proximity is 
more likely to be influenced by similar ecological factors and therefore affected in a similar 
way, i.e. spatial autocorrelation. Consequently, when these standard statistical methods are 
used to analyze geographically correlated data, the standard error of the covariate 
parameters is underestimated and thus the statistical significance is overestimated (Cressie, 
1993). Yet, few studies have incorporated the effect of geographical proximity in cholera 
studies (Ali et al., 2002a, 2002b, 2006; Borroto and Martinez-Piedra, 2000). Spatial statistical 
methods, such as spatial regression models, incorporate spatial autocorrelation according to 
the way geographical neighbors are defined. Osei and Duker (2008) have used spatial 
regression models (both spatial lag and spatial error models) to explore the spatial 
dependency of cholera prevalence on an important local environmental factor (open-space 
refuse dumps) in Kumasi, Ghana. Inhabitants with high density of refuse dumps were 
observed to have higher cholera prevalence than those with lower density of refuse dumps 
(Osei and Duker, 2008). Moreover, inhabitants close to refuse dumps were observed to have 
higher cholera prevalence than those farther. Similarly, Osei et al (2010) have used spatial 
regression models to explore the spatial dependency of cholera on potential contaminated 
water bodies.  
5. Conclusion 
Cholera has been a public health burden for ages. Unlike the biological characteristics, 
relatively little effort has been made to understand the spatial epidemiology. Understanding 
the spatial patterns is useful for effective health planning and resource allocation. This 
review emphasized on the generic and spatial epidemiology of cholera. Important spatial 
epidemiologic tools applied in cholera studies have also been discussed in this review. 
However, not all the knowledge of cholera epidemiology has been captured in this review. 
Further studies are required to fully explain the spatial epidemiology of cholera. 
6. References 
Ackers, M-L.; Quick, R.E.; Drasbek, C.J; Hutwagner, L. & Tauxe, R.V. (1998). Are there 
national risk factors for epidemic cholera? The correlation between socioeconomic 
and demographic indices and cholera incidence in Latin America. Int. J. Epidemiol. 
27(2):330-334 
Acosta, J.C; Galindo, C.M; Kimario, J; Senkoro, K; Urassa, H.; Casals, C.; Corachán, M.; 
Eseko, N.; Tanner, M.; Mshinda, H.; Lwilla, F.; Vila, J. & Alonso, P.L (2001). Cholera 
www.intechopen.com
 
Cholera and Spatial Epidemiology 
 
11 
outbreak in southern Tanzania: risk factors and patterns of transmission. Emerg. 
Infect. Dis. 7(3):583-587 
Alam, M.; Hasan, N.A.; Sadique, A.; Bhuiyan, N.A.; Ahmed, K.U.; Nusrin, S.; Nair, G.B.; 
Siddique, A.K.; Sack, R.B.; Sack, D.A.; et al. (2006). Seasonal cholera caused by 
Vibrio cholerae serogroups O1 and O139 in the coastal aquatic environment of 
Bangladesh. Appl Environ Microbiol 72(6):4096-4104. 
Ali, M.; Emch, M.; Donnay, J.P.; Yunus, M. & Sack, R.B. (2002b): The spatial epidemiology of 
cholera in an endemic area of Bangladesh. Soc. Sci. & Med. 55(6):1015-1024 
Ali, M.; Emch, M.; Donnay, J.P; Yunus, M. & Sack R.B. (2002a). Identifying environmental 
risk factors of endemic cholera: a raster GIS approach. Health & Place 8 (3): 201-210 
Ali, M.; Emch, M.; Yunus, M. & Sack, R.B. (2001). Are the environmental niches of vibrio 
cholerae 0139 different from those of vibrio cholerae 01 El Tor? Int. J. Infect. Dis. 
5(4):214-219 
Ali, M.; Goovaerts, P.; Nazia, N.; Haq, M. Z.; Yunus, M. & Emch, M. (2006). Application of 
Poisson kriging to the mapping of cholera and dysentery incidence in an endemic 
area of Bangladesh. Int. J. Health Geogr. 5:45 
Alt, K.W. & Vach, W. (1991). The reconstruction of “genetic kinship” in prehistoric burial 
complexes: Problems and statistics. In: Classification, Data Analysis; and Knowledge 
Organization: Models and Methods with Applications. Bock, H.H. & Ihm, P. (Eds.). 
Springer, Berlin pp 299-310 
Barua, D. & Paguio, A.S. (1977). ABO blood groups and cholera. Ann. Hum. Biol. 4:489-92 
Barua, D. (1972). The global epidemiology of cholera in recent years. Proc. R. Soc. Med. 
65:423-28 
Berke, O. (2004): Exploratory disease mapping: kriging the spatial risk function from 
regional count data. Int. J. Health. Geogr.3:18 
Besag, J. & Newell, J. (1991). The detection of clusters in rare disease. J. R. Stat. Soc. A 154(1): 
143-155 
Besag, J.; Green, P.; Higdon, D.; & Mengersen, K. (1995). Bayesian computation and 
stochastic systems. Stat. Sci. 10:3–66. 
Besag, J.; York, J.; & Molli´e, A. (1991). Bayesian image restoration with two applications in 
spatial statistics. Ann. Inst. Stat. Math. 43:1–59. 
Bithell, J.F. (1990). An application of density estimation to geographical epidemiology. Stat. 
Med. 9:691–701 
Bithell, J.F. (2000). A classification of disease mapping methods. Stat. Med. 19(17–18): 2203-
2215.  
Blake, P.A. (1993). Epidemiology of cholera in the Americas. Gastroenterol. Clin. North Am. 
22(3):639-660 
Borroto, R.J & Martinez-Piedra, R. (2000). Geographical patterns of cholera in Mexico; 1991-
1996. Int. J. Epidemiol. 29(4):764-772 
Bouma, M.J. & Pascual, M. (2001). Seasonal and interannual cycles of endemic cholera in 
Bengal 1891-1940 in relation to climate and geography. Hydrobioogia 460:147-156 
Carpenter, C.; Barua, D. & Sack, R. (1966). Clinical studies in asiatic cholera. IV. Antibiotic 
therapy in cholera. Bull. Johns. Hopkins Hosp. 118:230-242 
Carrat, F. & Valleron, A.J. (1992). Epidemiologic mapping using the “kriging” method: 
application to an influenza-like illness epidemic in France. Am. J. Epidemiol. 
135:1293–1300.  
www.intechopen.com
 
Cholera 
 
12
Chevallier, E.; Grand, A. & Azais, J-M. (2004). Spatial and temporal distribution of cholera in 
Ecuador between 1991 and 1996. Eur. J. Public Health 14(3):274-279 
Clayton, D. & Kaldor, J. (1987). Empirical Bayes estimates of age standardized relative risks 
for use in disease mapping. Biometrics, 43:671–681 
Codeço, C.T. (2001). Endemic and epidemic dynamics of cholera: the role of the aquatic 
reservoir. BMC Infect. Dis. 1:1 
Colwell, R.R. & Huq, A. (2001). Marine ecosystems and cholera. Hydrobiologia 460:141-145 
Colwell, R.R. (1996). Global climate and infectious disease: the cholera paradigm. Science 
274(5295):2025-2031 
Colwell, R.R.; Huq, A, (1994). Vibrios in the environment: viable but nonculturable vibrio 
cholerae. In: Vibrio Cholerae and Cholera: Molecular to Global Perspectives. Wachsmoth, 
I.; Blaker, P.; Olsvik O. (Eds.), pp 117-134, American Society of Microbiology, 
Washington DC 
Colwell, R.R.; Huq, A.; Islam, M.S.; Aziz, K.M.A.; Yunus, M.; Kahn, N.H.; Mahmud, A.; 
Sack, R.B.; Nair, G.B.; Chakraborty, J.; Sack, D.A. & Russek-Cohen, E. (2003). 
Reduction of cholera in Bangladeshi villages by simple filtration. Proc. Natl. Acad. 
Sci. 100(3):1051-1055 
Colwell, R.R.; Kaper, J. & Joseph, S.W. (1977). Vibrio cholerae; Vibrio parahaemolyticus; and 
other vibrios: occurrence and distribution in Chesapeake Bay. Science 198(4315):394-
396  
Cressie, N. (1993). Statistics for Spatial Data. John Wiley & Sons, New York 
Cuzick, J.C. & Edwards, R. (1990). Spatial clustering for inhomogeneous populations. J. R. 
Stat. Soc. B 52:73-104 
Cvjetanovic, B. & Barua, D. (1972). The seventh pandemic of cholera. Nature 239:137-38 
De Magny, G.C.; Cazelles, B. & Guegan, J.F. (2007). Cholera threats to humans in Ghana as 
influenced by both global and regional climatic variability. EcoHealth 3(4):223-231 
Diggle, P. & Chetwynd, A. (1991). Second order analysis of spatial clustering for 
inhomogeneous populations. Biometrics 47:1155-1163 
Diggle, P. (2000). Overview of statistical methods for disease mapping and its relationship to 
cluster detection. In: Spatial Epidemiology: Methods and Applications. Elliot, P.; 
Wakefield, J.C.; Best, N.G.; Briggs, D.J. Oxford University Press, Oxford 
Editorial, (1971): Cholera in Spain. Br. Med. J. 3: 266 
Elliot, P.; Wakefield, J.C.; Best, N.G. & Briggs, D.J. (2000). Spatial Epidemiology: Methods and 
Applications. Oxford University Press, Oxford 
Emch, M. & Ali, M. (2001). Spatial and temporal patterns of diarrheal disease in Matlab, 
Bangladesh. Environ Plan A 33: 339–350. 
Emch, M. & Ali, M. (2003). Spatial cluster analysis for etiological research and identification 
of socio-environmental risk factors. In: Geographic Information Systems and Health 
Applications. Khan, O.A.; Skinner, R. (Eds.). Idea Group Publications, Hershey, PA, 
pp. 172–187. 
Emch, M.; Feldacker, C.; Yunus, M.; Streatfield, P.K.; DinhThiem, V.; Canh, D.G. & Ali, M. 
(2008). Local Environmental Predictors of Cholera in Bangladesh and Vietnam. Am. 
J. Trop. Med. Hyg. 78(5):823-832 
Epstein, P.R. (1993). Algal blooms in the spread and persistence of cholera. Biosystems 
31:209–221 
www.intechopen.com
 
Cholera and Spatial Epidemiology 
 
13 
Falsenfeld, O. (1966). A review of recent trends in cholera research and control. Bull. World 
Health Organ. 34(2): 161-195 
Faruque, S.M.; Albert, M.J. & Mekalanos, J.J. (1998). Epidemiology; genetics and ecology of 
toxigenic Vibrio cholerae. Microbiol. Mol. Biol. Rev. 62(4):1301-1314 
Faruque, S.M.; Naser, I.B.; Islam, M.J.; Faruque, A.S.G.; Ghosh, A.N.; Nair, G.B.; Sack, D.A. & 
Mekalanos, J.J. (2005). Seasonal epidemics of cholera inversely correlate with the 
prevalence of environmental cholera phages. Proc. Natl. Acad. Sci. USA 102: 1702-1707 
Fotedar, R.; Banerjee, U.; Singh, S.; Shriniwas & Verma, A.K. (1992b). The housefly (Musca 
domestica) as a carrier of pathogenic microorganisms in a hospital environment. J. 
Hosp. Infect. 20(3):209-215 
Glass, R.; Claeson, M.; Blake, P.; Waldman, R. & Pierce, N. (1991). Cholera in Africa: Lessons 
on transmission and control for Latin America. Lancet 338(8770):791-795 
Glass, R.I.; Holmgren, J.; Haley, C.E.; Khan, M.R.; Svennerholm, A.; Stoll, B.J.; Hossain, 
K.M.B.; Black, R.E.; Yunus, M. & Barua, D. (1985). Predisposition for cholera of 
individuals with O blood group: possible evolutionary significance. Am. J. 
Epidemiol. 121(6):791-796 
Goodgame, R.W. & Greenough, B. (1975). Cholera in Africa: a message for the West. Ann. 
Intern. Med. 82(1):101-06 
Goovaerts, P. & Jacquez, G.M. (2004). Accounting for regional background and population 
size in the detection of spatial clusters and outliers using geostatistical filtering and 
spatial neutral models: the case of lung cancer in Long Island; New York. Int. J. 
Health. Geogr. 3:14. 
Goovaerts, P. (2005). Geostatistical analysis of disease data: estimation of cancer mortality 
risk from empirical frequencies using Poisson kriging. Int. J. Health. Geogr. 4:31 
Greenberg, B. (1973). Flies & Disease. II. Biology and Disease Transmission. Princeton University 
Press; Princeton; pp 15 
Grimson, R.C.; Wang, K.C. & Johnson, P.W.C. (1981). Searching for hierarchical clusters of 
disease: spatial patterns of sudden infant death syndrome. Soc. Sci. Med. D 
15(2):287-293 
Haining, R. (1998). Spatial statistics and the analysis of health data. In. GIS and health, A.C. 
Gatrell, & M. Loytonen (Eds.); GISDATA Series 6, Taylor & Francis, London  
Hansen, K.M. (1991). Head-banging: Robust smoothing in the plane. IEEE Transactions on 
Geoscience and Remote Sensing, 29:369–378 
Harmer, D.H. & Cash, R.A. (1999). Secretory Diarrheas: Cholera and Enterotoxigenic 
Escherichia Coli. In: Infectious Diseases, Donald, A. & Cohen, J. (Eds.), Harcourt 
Publishers Ltd, Mosby 
Hartley, D.M.; Morris, M. & Smith, D.L. (2005). Hyperinfectivity: A Critical Element in the 
Ability of V. Cholerae to Cause Epidemics? PLoS Med. 3(1): e7 
Hornick, R.B.; Music, S.I.; Wensel, R.; Cash, R.; Libonati, J.P.; Snyder, M.J. & Woodward, T.E. 
(1971). The Broad Street pump revisited; response of volunteers to ingested cholera 
vibrios. Bull. NY Acad. Med. 47(10):1181-1191  
Huq, A. & Colwell, R.R. (1996). Environmental factors associated with emergence of disease 
with special reference to cholera. Eastern Mediterraneal Health Journal 2:37-45. 
Huq, A.; Sack, R.B. & Colwell, R.R. (2001). Cholera and global ecosystems. Ecosystem change and 
public health: A global perspective. The Johns Hopkins University PressAron JL; Patz 
JA. 327-352. 
www.intechopen.com
 
Cholera 
 
14
Huq, A.; Sack, R.B.; Nizam, A.; Longini, I.M.; Nair, G.B.; Ali, A.; Morris, J.G.; Khan, M.N.H.; 
Siddique, A.K.; Yunus, M.; Albert, M.J.; Sack, D.A. & Colwell, R.R. (2005). Critical 
factors influencing the occurrence of vibrio cholerae in an environment of 
Bangladesh. Appl. Environ. Microbiol. 71(8):4645-4654 
Huq, A.; Small, E.B.; West, P.A.; Huq, M.I.; Rahman, R. & Colwell, R.R. (1983). Ecologic 
relationships between Vibrio cholerae and Planktonic crustacean copepods. Appl. 
Environ. Microbiol. 45(1):275-283 
Islam, M.S. (1990). Effect of various biophysicochemical conditions on toxigenicity of Vibrio 
cholerae 01 during survival with a green alga; Rhizoclonium fontanum; in an 
artificial aquatic environment. Can. J. Microbiol. 36(7):464-468.  
Islam, M.S.; Drasar, B.S. & Bradley, D.J. (1990). Survival of toxigenic Vibrio cholerae O1 with 
a common duckweed; Lemna minor; in artificial aquatic ecosystems. Trans. R. Soc. 
Trop. Med. Hyg. 84(3):422-424. 
Islam, M.S.; Drasar, B.S. & Sack, R.B. (1993). The aquatic environment as a reservoir of 
Vibrio cholerae: a review. J. Diarrhoeal. Dis. Res. 11(4):197-206. 
Islam, M.S.; Drasar, B.S. & Sack, R.B. (1994). Probable Role of Blue-Green-Algae in 
Maintaining Endemicity and Seasonality of Cholera in Bangladesh-a Hypothesis. J. 
Diarrhoeal Dis. Res. 12(4):245-256 
Islam, M.S.; Draser, B.S. & Bradley, D.J. (1989). Attachment of toxigenic Vibrio cholerae O1 to 
various freshwater plants and survival with filamentous green algae Rhizoclonium 
fontanum. J. Trop. Med. Hyg. 92(6):396-401 
Islam, M.S.; Rahim, Z.; Alam, M.J.; Begum, S.; Moniruzzaman, S.M.; Umeda, A.; Amako, K.; 
Albert, M.J.; Sack, R.B.; Huq, A.; et al. (1999). Association of Vibrio cholerae O1 
with the cyanobacterium; Anabaena sp.; elucidated by polymerase chain reaction 
and transmission electron microscopy. Trans. R. Soc. Trop. Med. Hyg. 93(1):36-40.  
Islam, M.S.; Talukder, K.A.; Khan, N.H.; Mahmud, Z.H.; Rahman, M.Z.; Nair, G.B.; 
Siddique, A.K.; Yunus, M.; Sack, D.A.; Sack, R.B.; et al. (2004). Variation of toxigenic 
Vibrio cholerae O1 in the aquatic environment of Bangladesh and its correlation 
with the clinical strains. Microbiol. Immunol. 48(10):773-777. 
Kafadar, K. (1996). Smoothing geographical data; particularly rates of disease. Stat. Med. 
15(23):2539-2560 
Kelly, L. (2001). The global dimension of cholera. Glob. Chang. Hum. Health 2(1):6-17 
Khan, M.U.; Samadi, A.R.; Huq, M.I.; Yunus, M.; Eusof, A. (1984): Simultaneous classical 
and El Tor cholera in Bangladesh. J. Diarrhoeal. Dis. Res. 2(1):13-18. 
Kobayashi, M.; Sasaki, T.; Saito, N.; Tamura, K.; Suzuki, K.; Watanabe, H. & Agui, N. (1999). 
Houseflies: not simple mechanical vectors of enterohemorrhagic Escherichia coli 
0157:H7. Am. J. Trop. Med. Hyg. 61(4):625-629 
Koch, R. (1884). An address on cholera and its bacillus. Br. Med. J. 2(1235):453-59 
Koelle, K. & Pascual, M. (2004). Disentangling extrinsic from intrinsic factors in disease 
dynamics: A nonlinear time series approach with an application to cholera. The Am. 
Nat. 163(6):901-913 
Koelle, K.; Rodo, X.; Pascual, M.; Yunus, M. & Mostafa, G. (2005). Refractory periods to 
climate forcing in cholera dynamics. Nature 436:696-700 
Kulldorff, M. & Nagarwalla, N. (1995). Spatial disease clusters: detection and inference. Stat. 
Med. 14(8):799-810 
www.intechopen.com
 
Cholera and Spatial Epidemiology 
 
15 
Kulldorff, M.; Feuer, E.J.; Miller, B.A. & Freedman, L.S. (1997). Breast Cancer clustering in 
the northeast United State; a geographic approach. Am. J. Epidemiol. 146(2):161-170 
Kulldroff, M. (1997). A spatial scan statistics. Communications in Statistics: Theory and 
Methods 1997; 26:1481-1496. 
Kuo, C-L. & Fukui, H. (2007). Geographical structures and the cholera epidemic in modern 
Japan: Fukushima prefecture in 1882 and 1895. Int. J. Health Geogr. 6:25 
Küstner, H.G.V.; Gibson, I.H.N; Carmichael, T.R.; Van Zyl, L.; Chouler, C.A.; Hyde, J.P. & du 
Plessis, J.N. (1981). The spread of cholera in South Africa. S. Afr. Med. J. 60(3):87-90 
Lawson, A.B. & Clark, A. (2002). Spatial mixture relative risk models applied to disease 
mapping. Stat. Med. 21(3):359-70. 
Lawson, A.B. (2001). Disease map reconstruction. Stat. Med. 20(14):2183-204. 
Lawson, A.B. (2001). Tutorial in biostatistics: disease map reconstruction. Stat. Med. 20:2183-
2203. 
Lawson, A.B.; Biggeri, A. & Dreassi, E. (1999a). Edge effects in disease mapping. In: Disease 
Mapping and Risk Assessment for Public Health, Lawson, A.; Biggeri, A.; Bohning, 
L.E.; Viel, J-F.; Bertollini, R. (Eds). pp 85-98. John Wiley & Sons, Chichester 
Lawson, A.B.; Biggeri, A.; Bohning, L.E.; Viel, J-F. & Bertollini, R. (1999b). Introduction to 
spatial models in ecological analysis Disease. In: Disease Mapping and Risk 
Assessment for Public Health, Lawson, A.B.; Biggeri, A.; Bohning, L.E.; Viel J-F.; 
Bertollini, R. (Eds). pp 181-191. John Wiley & Sons, Chichester 
Levine, M.M.; Black, R.E.; Clements, M.L.; Cisneros, L.; Nalin, D.R. & Young, C.R. (1981). 
Duration of infection-derived immunity to cholera. J. Infect. Dis. 143(6): 818-820 
Lipp, E.K.; Huq, A. & Colwell, R.R. (2002). Effects of global climate on infectious disease: the 
cholera model. Clin. Micro. Rev. 15(4):757 
Lobitz, B.; Beck, L.; Huq, A.; Wood, B.; Fuchs, G.; Faruque, A.S.G. & Colwell, R.R. (2000). 
Climate and infectious disease: Use of remote sensing for detection of Vibrio 
cholerae by indirect measurement. Proc. Natl. Aced. Sci. USA 97(4):1438-1443 
Longini, I.M. Jr.; Yunus, M.; Zaman, K.; Siddique, A.K.; Sack, R.B. & Nizam, A. (2002). 
Epidemic and endemic cholera trends over a 33-year period in Bangladesh. J. Infect. 
Dis. 186: 246–251. 
Mahalanabis, D.; Molla, A. & Sack, D. (1992). Clinical Management of Cholera. In Cholera, D. 
Barua, & W. Greenough III (Eds.). Plenum Medical Book Company, New York, pp 
253-283 
Margaret, C.; Emch, M.; Streatfield, P. & Yunus, M. (2009): Spatio-temporal clustering of 
cholera: The impact of flood control in Matlab, Bangladesh, 1983–2003. Health & 
Place 15:771–782 
Merson, M.H.; Black, R.E.; Khan, M.U. & Huq, I. (1980). Enterotoxigenic Escherichia coli 
diarrhea: acquired immunity and transmission in an endemic area. Cholera and 
Related Diarrheas: Molecular Basis of a Global Health Problem. 43rd Nobel 
Symposium. Basel; Switzerland: S. Karger; 34–45. 
Miller, C.J.; Feachem, R.G. & Drasar, B.S. (1985). Cholera epidemiology in developed and 
developing countries: new thoughts on transmission; seasonality; and control. 
Lancet 1(8423):261-263 
Moran, P.A.P. (1950). Notes on continuous stochastic phenomena. Biometrika 37(1-2):17-23 
www.intechopen.com
 
Cholera 
 
16
Mugoya, I.; Kariuki, S.; Galgalo, T.; Njuguna, C.; Omollo, J.; Njoroge, J.; Kalani, R.; Nzioka, 
C.; Tetteh, C.; Bedno, S.; Breiman, R.F. & Feikin, D.R. (2008). Rapid Spread of Vibrio 
cholerae O1 Throughout Kenya, 2005. Am. J. Trop. Med. Hyg. 78(3):527-533 
Nair, G.B.; Oku, Y.; Takeda, Y.; Ghosh, A.; Ghosh, R.K.; Chattopadhyay, S.; Pal, S.C.; Kaper, 
J.B. & Takeda, T. (1988). Toxin profiles of Vibrio cholerae non-O1 from 
environmental sources in Calcutta; India. Appl. Environ. Microbiol. 54(12):3180-3182 
Oliver, M.A.; Webster, R.; Lajuanie, C.; Muir, K.R.; Parkes, S.E.; Cameron, A.H.; Stevens, 
M.C.G. & Mann, J.R. (1998). Binomial cokriging for estimating and mapping the 
risk of childhood cancer. Math. Med. Biol. 15 (3):279-297 
Osei, F.B. & Duker, A.A. (2008b). Spatial dependency of V. cholerae prevalence on open 
space refuse dumps in Kumasi; Ghana: a spatial statistical modeling. Int. J. Health 
Geogr. 7:62  
Osei, F.B.; Duker, A.A.; Augustijn, E-W. & Stein, A. (2010). Spatial dependency of cholera 
prevalence on potential cholera reservoirs in an urban area; Kumasi; Ghana. Int. J. 
Appl. Earth Obs. Geoinf. 12(5):331-339 
Pascual, M. & Dobson, A. (2005). Seasonal patterns of infectious diseases. Plos Med. 2(1):18-20. 
Pascual, M.; Bouma, M.J. & Dobson, A.P. (2002). Cholera and climate: revisiting the 
quantitative evidence. Microbes. Infect. 4(2):237-45 
Pascual, M.; Bouma, M.J. & Dobson, A.P. (2002). Cholera and climate: revisiting the 
quantitative evidence. Microbes. Infect. 4(2):237-45 
Pascual, M.; Koelle, K. & Dobson, A.P. (2006). Hyperinfectivity in Cholera: A New 
Mechanism for an Old Epidemiological Model? PLoS Med. 3(6): e280 
Ramamurthy, T.; Garg, S.; Sharma, R.; Bhattacharya, S.K.; Nair, G.B.; Shimada, T.; Takeda, 
T.; Karasawa, T.; Kurazano, H.; Pal, A. & Takeda, Y. (1993). Emergence of novel 
strain of Vibrio cholerae with epidemic potential in southern and eastern India. 
Lancet 341(8846):703-04 
Rodo, X.; Pascual, M.; Fuchs, G. & Faruque, A.S. (2002). ENSO and cholera: a nonstationary 
link related to climate change? Proceedings Proc. Natl. Aced. Sci. USA 99:12901–12906 
Root, G. (1997). Population density and spatial differentials in child mortality in Zimbabwe. 
Soc. Sci. Med. 44 (3):413-421 
Rosenberg, M.S.; Sokal, R.R.; Oden, N.L. & DiGiovann, D. (1999). Spatial autocorrelation of 
cancer in Western Europe. Eur. J. Epidemiol. 15(1):15-22 
Ruiz-Moreno, D.; Pascual, M.; Bouma, M.; Dobson, A. & Cash, B. (2007). Cholera Seasonality 
in Madras (1901-1940): Dual Role for Rainfall in Endemic and Epidemic Regions. 
EcoHealth 4(1):52-62 
Rushton, G. & Lolonis, P. (1996). Exploratory spatial analysis of birth defect rates in an 
urban population. Stat. Med. 15:717–726 
Sack, D.A.; Sack, R.B.; Nair, G.B. & Siddique, A.K. (2004). Cholera. Lancet 363(9404):223-233 
Sack, D.A.; Tacket, C.O.; Cohen, M.B.; Sack, R.B.; Losonsky, G.A.; Shimko, J.; Nataro, J.P.; 
Edelman, R.; Levine, M.M.; Giannella, R.A.; Schiff, G. & Lang, D. (1998): Validation 
of a volunteer model of cholera with frozen bacteria as the challenge. Infect. Immun. 
66(5):1968-1972 
Sack, R.B.; Siddique, A.K.; Longini, I.M.; Nizam, A.; Yunus, M.; Islam, M.S.; Morris, J.G.; Ali, 
A.; Huq, A.; Nair, G.B.; et al. (2003). A 4-year study of the epidemiology of Vibrio 
cholerae in four rural areas of Bangladesh. J. Inf. Dis. 187(1):96-101. 
www.intechopen.com
 
Cholera and Spatial Epidemiology 
 
17 
Salazar-Lindo, E.; Pinell-Salles, P.; Maruy, A. & Chea-Woo, E. (1997). El Nino and diarrhoea 
and dehydration in Lima; Peru. Lancet 350:1597–1598 
Samadi, A.R.; Chowdhury, M.K.; Huq, M.I. & Khan, M.U. (1983). Seasonality of classical and 
El Tor cholera in Dhaka; Bangladesh: 17-year trends. Trans. R. Soc. Trop. Med. Hyg. 
77(6):853-856 
Sasaki, S.; Suzuki, H.; Igarashi, K.; Tambatamba, B. & Mulenga, P. (2008). Spatial Analysis of 
Risk Factor of Cholera Outbreak for 2003-2004 in a Peri-urban Area of Lusaka, 
Zambia. Am. J. Trop. Med. Hyg. 79(3):414-421 
Shapiro, R.L.; Muga, R.O.; Adcock, P.M.; Phillips-Howard, P.A.; Hawley, W.A.; Waiyaki, P.; 
Nahlen, B.L. & Slutsker, L. (1999). Transmission of epidemic Vibrio cholerae O1 in 
rural western Kenya associated with drinking water from Lake Victoria: an 
environmental reservoir for cholera? Am. J. Trop. Med. Hyg. 60(2):271-276 
Siddique, A.K.; Zaman, K.; Baqui, A.H.; Akram, K.A.; Mutsuddy, P.; Eusof, A.; Haider, K.; 
Islam, S. & Sack, R.B. (1992). Cholera epidemics in Bangladesh: 1985-1991. J. 
Diarrhoeal Dis. Res. 10(2):79-86 
Singleton FL; Attwell RW; Jangi MS; and Colwell RR (1982a): Influence of salinity and 
organic nutrient concentration on survival and growth of Vibrio cholerae in aquatic 
microcosms. Appl. Environ. Microbiol. 43(5):1080-1085 
Singleton, F.L.; Attwell, R.W.; Jangi, M.S.; & Colwell, R.R. (1982b). Effects of temperature 
and salinity on Vibrio cholerae growth. Appl. Environ. Microbiol. 44(5):1047-1058 
Snow, J. (1855). On the Mode of Communication of Cholera. 2nd ed. John Churchill; London 
Sur, D.; Deen, J.; Manna, B.; Niyogi, S.; Deb, A.; Kanungo, S.; Sarkar, B.; Kim, D.; Danovaro-
Holliday, M.; Holliday, K.; Gupta, V.; Ali, M.; von Seidlein, L.; Clemens, J. & 
Bhattacharya, S. (2005). The burden of cholera in the slums of Kolkata, India: data 
from a prospective; community based study. Arch. Dis. Child 90(11): 1175-1181  
Swerdlow, D.L.; Greene, K.D.; Tauxe, R.V.; Wells, J.G.; Bean, N.H.; Ries, A.A.; Blake, P.A.; 
Mintz, E.D.; Pollack, M.; Rodriguez, M.; Tejada, E.; Seminario, L.; Ocampo, C.; 
Vertiz, B.; Espejo, L. & Saldana, W. (1992). Waterborne transmission of epidemic 
cholera in Trujillo; Peru: lessons for a continent at risk. Lancet 340 (8810):28-32 
Talbot, T.O.; Kulldroff, M.; Teven, P.F. & Haley, V.B. (2000). Evaluation of spatial filters to 
create smoothed maps of health data. Sat. Med. 18(17-18):2399-2408 
Tango, T. (1995). A class of tests for detecting “general” and “focused” clustering of rare 
diseases. Stat. Med. 14(21-22):2323-2334 
Tango, T. (1999). Comparison of general tests for disease clustering. In: Disease Mapping and 
Risk Assessment for Public Health, Lawson, A.B. et al (Eds). John Wiley & Sons, New 
York, pp 111-117 
Tango, T. (2000). A test for spatial disease clustering adjusted for multiple testing. Stat. Med. 
19(2):191-204 
Waller, L.A. & Gotway, C.A. (2004). Applied Spatial Statistics for Public Health Data. John 
Wiley & Sons, New Jersey  
Walter, S.D. (1992a). The analysis of regional patterns in health data: I. Distributional 
considerations. Am. J. Epidemiol. 136(6):730-741 
Walter, S.D. (1992b): The analysis of regional patterns in health data: II. The power to detect 
environmental effects. Am. J. Epidemiol. 136(6):742-759 
Walter, S.D. (1993): Assessing spatial patterns in disease rates. Stat. Med. 12(19-20):1885-1894 
www.intechopen.com
 
Cholera 
 
18
Watt, J. & Lindsay, D.R. (1948). Diarrheal disease control studies: effect of fly control on high 
morbidity area. Public Health Rep. 63(41):1319-1334 
Webster, R; Oliver, M.A.; Munir, K.R. & Man, J.R. (1994). Kriging the local risk of rare 
disease from a register of diagnoses. Geogr. Anal. 26(2):168-185 
Weil, O. & Berche, P. (1992). The cholera epidemic in Ecuador: towards an endemic in Latin 
America. Rev. Epidemiol. Sante. Publique. 40(3):145-55 
Whittemore, A.S.; Friend, N.; Brown, B.W. & Holly, E.A. (1987). A test to detect clusters of 
disease. Biometrika 74(3):631-635 
WHO (2000a). Report on global surveillance of epidemic prone infectious diseases. World 
Health Organization, Geneva.  
WHO (2010). Cholera vaccines: WHO position paper. Weekly epidemiological record 
85(13):117-128. http://www.who.int/wer. Last accessed 5 September 2011 
WHO, (1993). Guidelines for Cholera Control. World Health Organization; Geneva. 
http://helid.desastres.net/en/d/Jwho90e/. Last accessed 5 September 2011 
WHO (2000b). Cholera 1999. Weekly epidemiological record 75(31):249-256.  
WHO (2001). Cholera 2000. Weekly epidemiological record 76(31):233-240.  
WHO (2002). Cholera 2001. Weekly epidemiological record 77(31):257-268.  
WHO (2003). Cholera 2002. Weekly epidemiological record 78(31):269-276.  
WHO (2004). Cholera 2003. Weekly epidemiological record 79(31):281-288.  
WHO (2005). Cholera 2004. Weekly epidemiological record 80(31):261-268.  
WHO (2006). Cholera 2005. Weekly epidemiological record 81(31):297-308.  
Yamai, S.; Okitsu, T.; Shimada, T. & Katsube, Y. (1997). Distribution of serogroups of Vibrio 
cholerae non-O1 non-O139 with specific reference to their ability to produce cholera 
toxin; and addition of novel serogroups. Kansenshogaku Zasshi 71(10):1037-1045  
www.intechopen.com
Cholera
Edited by Dr. Sivakumar Gowder
ISBN 978-953-51-0415-5
Hard cover, 218 pages
Publisher InTech
Published online 28, March, 2012
Published in print edition March, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Cholera, a problem in Third World countries, is a complicated diarrheal disease caused by the bacterium Vibrio
cholerae. The latest outbreak in Haiti and surrounding areas in 2010 illustrated that cholera remains a serious
threat to public health and safety. With advancements in research, cholera can be prevented and effectively
treated. Irrespective of "Military" or "Monetary" power, with one's "Own Power", we can defeat this disease.
The book "Cholera" is a valuable resource of power (knowledge) not only for cholera researchers but for
anyone interested in promoting the health of people. Experts from different parts of the world have contributed
to this important work thereby generating this power. Key features include the history of cholera, geographical
distribution of the disease, mode of transmission, Vibrio cholerae activities, characterization of cholera toxin,
cholera antagonists and preventive measures.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Frank B Osei, Alfred A Duker and Alfred Stein (2012). Cholera and Spatial Epidemiology, Cholera, Dr.
Sivakumar Gowder (Ed.), ISBN: 978-953-51-0415-5, InTech, Available from:
http://www.intechopen.com/books/cholera/cholera-and-spatial-epidemiology
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
